Abstract. Reliable Acoustic Path (RAP) is one of the special physical phenomenon in the deep ocean sound propagation, in a certain extent, it can reflect the deep-ocean sound propagation characteristics. In this paper, the sound propagation characteristics in RAP are analyzed, and the transmission loss is calculated by Bellhop acoustic software, which is used to determine if the network nodes can connect. In this article, with the dynamic grid planning algorithm, the node layout scheme for the optimal path in deep-ocean underwater acoustic network based on the deep-ocean underwater acoustic network node.
Introduction
The concept of underwater acoustic communication network was put forward, it is widely accepted in the marine development, construction and other aspects of the Navy, caused a research upsurge of underwater acoustic communication network [1] . Current acoustic communication networks are mostly built in shallow sea areas, and the effects of sound propagation on deep sea conditions and complex terrain and topography on sound propagation are not adequately considered.
Therefore, the establishment of reliable underwater acoustic network in deep sea environment needs to solve more technical problems, but also need better theory of deep-sea sound propagation. The persistent characteristics of deep-sea contributes to the acoustic communication in long distance. By using acoustic path RAP and deep channel DSC phenomenon, sea network can transmit information effectively and efficiently [2] . Sound in a stationary environment reveals that sound propagation is bidirectional. Therefore, most acoustic channels can be applied to transmit and receive signals. Reliable acoustic paths are derived from this.
For an underwater acoustic network, we are in pursuit of reliable communication performance, and in some areas, the depth tends to reach thousands of meters, so in order to realize the efficient transmission of information, we need to find an efficient path that is reliable and reasonable, which is the shortest path. Dijkstra algorithm is a better algorithm for finding the shortest path at present and the dynamic programming is the mathematical optimization method in operational research to solve the decision-making process. But with the increase of network nodes, the computation of these two methods will also increase, may eventually lead to combinatorial explosion problem. Thus combining these two methods to form a dynamic grid planning Algorithm.
Sound Propagation in RAP Environment
The sound in the sea can be spread through a variety of paths, the specific path is related to the sound velocity structure in the sea and the location of the receiver. Sound Speed Profile shows curves of the ocean velocity changes with depth, which is related to geographic location, season, day time and temperature on the sea. Typical deep-sea sound velocity profile is shown in Figure 1 [3] . The deep-sea environment, due to the different hydrological conditions, the velocity distribution is not the same, in order to facilitate the analysis of theoretical simulation, his paper uses the Munk sound velocity profile. Munk sound velocity profile is an ideal environment that has the typical characteristics of sound speed profile in the deep sea, which clearly shows the basic characteristics of the sound propagation in deep sea.
According to the different depth of sound source, it will form a convergence zone and other different phenomenon in deep channel. If the source is placed deeper in the deep ocean, which can improve the ability of target detection in shallow water, while submarines are specific targets that move within this depth range. In this depth of the channel, the sound waves is not sensitive to the sea surface height change effect and the seabed loss, so the channel is "reliable".
Propagation Path
When the depth of the sound source is 4450m and receiving point depth of 210m, eigenray map as shown in Figure 2 . (a), (b), (c), (d) represent the sound line profiles of 5km, 20km, 30km and 50km at the horizontal distance from the sound source respectively. Different categories of arrival paths are represented in different colors.
In the shortest 5km position, only the direct path and the reflection path is the most obvious. In a short distance, the sound line penetrates the sea with a large grazing angle, so that most of the energy is absorbed by the seabed. The sea at 20km, in addition to the direct path and surface reflection path, reflection path of bottom reflection and seafloor-sea surface is more obvious. Since the sound line at low grazing angles penetrate to the bottom of the sea, so that more energy is reflected back to water medium.
At 30km, reflection path of the sea surface -bottom reflection and seafloor-sea surface in many paths is highlighted. Due to the influence of the direct path velocity gradient, the degree of curvature of surface reflection and seabed reflection path becomes larger and gradually vanishes. Thus, at the 50km, these three paths disappear, leaving only the sea surface -bottom reflection and seafloor-sea surface paths that repeatedly collide with the boundary. 
Acoustic Shadow
Acoustic wave propagation in seawater (convergence area, deep channel) is often affected by acoustic shadow, but RAP does not exist in the sound shadow zone in the middle distance.
From Figure 3 (a), it can be seen that position transmission loss in the distance of 60km is around 70dB, but there is a high transmission loss in the bottom of the shadow. If the sound source is placed in the surface channel, then the target is in the surface channel is more likely to be detected than it in the sound shadow zone.
When the source is located in the channel axis (1000m), transmission loss as shown in Figure 3  (b) .The low propagation loss region around the channel axis outside 40 km indicates that the acoustic energy is mainly concentrated near the channel axis. However, in the range of 10 km to 40 km, the surface of the sound image area in the middle range deep sea channel is not suitable for the monitoring of the target.
When the source is placed in the 4500m depth, as shown in Figure 3 (c), which is a two-dimensional color map of the typical acoustic transmission loss under RAP environment.
At this time, no acoustic shadow exists in in the middle distance (about 30km), low transmission loss area are bowl shaped in three-dimensional space, which is the main work area of RAP) The direct path from the source to the receiver, the area of the transmission loss is relatively low, so if the receiving point is located in the bowl shaped area, the signal-to-noise ratio than other position in the high signals it receives, more conducive to the target detection.
Outside this area, sound waves cannot reach the receiving point directly, it is more susceptible to the reflection or scattering of the sea surface or sea surface, thus causing a higher loss of transmission. 
A Dynamic Mesh Planning Algorithm for Paths
In the process of long distance transmission, due to the complexity of the marine environment, the signal energy is greatly attenuated, the probability that the receiver receives the signal from the sound source is relatively small. In a long distance, transmission of a single communication node is difficult to complete the information and communication tasks, so by a number of communication nodes composed of water acoustic network is particularly important. Through the connectivity of underwater acoustic network, the use of "multi-hop" can complete information transmission and reception [4] . Each sonar equipment is regarded as a node in the network, the transmission loss obtained in the RAP environment is used as the weight between nodes, so the underwater acoustic communication network optimal path problem is converted into a weighted directed graph problem.
The Dijkstra algorithm is proposed by Dijkstra in 1959 in Holland, which is a better algorithm commonly used in the current shortest path [5] . In the process of node expansion and near the target, the classical Dijkstra algorithm waste a lot of time to extend the useless node. The algorithm chooses all the candidate nodes at the same cumulative cost when deciding which node to select through a lot of trouble to get to the destination, the amount of computation is large, search efficiency is low. Dynamic programming is used for mathematical optimization method to solve the decision-making process in operational research, as shown in Figure 5 . The dynamic planning process is that every decision depends on the current state, and then cause state transfer, therefore, a decision sequence is generated in the state of change in [6] . But what is the same with the Dijkstra algorithm is that in the process of recursive, all decision making state every step to get to the front of the repeated operation with the same price, which cannot be automatically filtered out no hope of the path, and as the number of nodes increases, the number of paths to storage will increase exponentially, facing the same problem of low efficiency. Although the calculation is large and it is inefficient when these two algorithms deal with more network nodes, Its advantage is undeniable, combining two algorithms, forming a network topology model algorithm to search for a new path, namely, the dynamic grid planning algorithm. According to the layout of regional location, the algorithm the area network into several sub networks, The algorithm divides the whole area network   E V G , into several subnetworks according to the geographical location of the layout area)as shown in Figure 6 . The network from front to back followed by use of Dijkstra algorithm, reduce the number of nodes and the number of paths for each Dijkstra algorithm, which can effectively improve the efficiency of the search path. 
Optimal Path Design Based on Dynamic Mesh Algorithm
In the RAP environment, the location of the sonar nodes that meet the requirements of the optimal path is designed without considering the influence of submarine topography, so as to ensure the effective transmission of information.
Grid Point Calculation
The coordinates on the graph of the point 0 P   (including the
When the grid point coordinates are on the right of
Judgment Basis of Connectivity between Nodes
Environmental noise and noise from equipment may affect the receiver's ability to detect the signal, according to the equation for determining the performance of a passive sonar is
Here is the assumption that the source level , viz.:
It is assumed that the receiver can detect the signal only when the DT is greater than 0 dB， otherwise, there is no signal. Therefore, signals can only be detected when TL is less than 80 dB.
When the actual propagation loss value between the two nodes is less than the threshold value, it can be determined that the two nodes at this time is connected. Otherwise, the two nodes are not connected.
Shortest Path Search
(1) As shown in Figure 7 , connect the starting point 0 P with each node of the first perpendicular line
to determine whether the starting point is connectable with each node. If it is not connected, the node will not be marked as invalid node, otherwise it will be valid. Then, connect each node of the second perpendicular line
with each node of the first perpendicular line to determine connectivity. If all paths between all the valid nodes of the first perpendicular line to a node of the second perpendicular line are not connected, the corresponding node on the second perpendicular line is set to an invalid node, otherwise it is avalid node. And then determines the shortest path from the starting point 0 P to each valid node of the second perpendicular line. 
Simulation Results
In the area of 5000m depth, design the optimal path scheme of underwater acoustic communication network. Assuming D = 25km, N = 4, K = 2, the starting and ending coordinates are (0,50,4500) and (100,50,4500) respectively. Solution: The nodes on the adjacent perpendicular lines are distributed up and down, namely, the nodes near the seabed are at the same depth as the starting point, and the depth of the node near the sea is 100m.
The validity of each node in the x0y plane is shown in Figure 8 : Figure 8 . Node validity Schematic.
In the RAP environment, the optimal path obtained according to the dynamic grid planning algorithm is shown in Figure 9 : Figure 9 . Distribution of optimal path nodes.
The propagation loss as shown in Fig. 9 , the total transmission loss of the route is about 91.761dB, while the transmission loss through directly from the starting point to the end point is about 101.842 dB.
Conclusion
RAP is an important model of deep-sea acoustic propagation model, relative to other propagation paths, its greatest advantage is that the propagation of acoustic wave on RAP is not affected by the sea and the seabed, with the least loss of transmission. Therefore, the acoustic wave propagating through this path has the maximum amount of information carried on the target signal, and the signal-to-noise ratio of the output signal is relatively high. The dynamic grid programming algorithm is an algorithm to solve the shortest path problem by combining Dijkstra algorithm with dynamic programming algorithm. This algorithm can effectively solve the problems of great computational complexity and low efficiency of path search, due to the increased number of nodes in Dijkstra and dynamic programming algorithms. This paper views the sonar device as a grid node. In the RAP environment, the Bellhop acoustic software simulation is used to estimate the acoustic propagation loss between the two nodes and to judge whether the nodes are connected. Then, the dynamic grid programming algorithm is used to design the layout scheme of the best route for deep-sea underwater acoustic communication network.
